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TIME IN INFECTION CYCLE
Fig. 1. Prevalences of infected pigs, C(7), after the infection of one pig at t-Q in a population
of 1,000 pigs on which various constant numbers o王　mosquitoes feed, based on the calculation by


























































































































I No, oF MOSQUITOES





















Fig. 2-　Prevalences of infected andjimmune pigs after theコinfection o壬one pig at t-Q in a
population o王1,000 pigs on [which various constant numbers of [mosquitoes壬eed, based on the












































Table 1. Numbers o壬transm主ssible mosquitoes
produced from various constant numbers of feed-
ing mosquitoes per pig per night in a pop-
ulation o王1,000pigs durir唱12 infection cycles
after the infection of one pig, calculated by the
model for Japanese encephalitis epizootic of
pigs.


































*Total No. of mosquitoes王ceding on 1,00〔〕 pigs
one night in each of 12 infection cycles, since
it is supposed in the model that the viremic




























































































































































































per pig quitoes,T〔t〕, when first












































































































































































































































































































Table 3. Threshold density of mosquitoes for the
extinguishment of pig epizootic when a certain
number of pigs are infected, expressed as the
number of　壬eeding mosquitoes on one pig in
one night, calculated by the model for Japanese




























Table 4-　Threshold density of artificially immu-
nized pigs for the extinguishment o王pig epizootic
when one p唱in a population o王1,000 pigs is
infected under various constant numbers of
mosquitoes feeding on one p唱in one night,
calculated by the model王or Japanese encephalitis
epizootic of pigs･
No. of mospuitoes





ち･ When the number o土mosquiヒoes per pig per
night is 26 or less, p唱epizootic will be extin-
guished even if no pigs are artificially immunized
〔See Table 3〕,
'�"* The number of pigs responsible for epizootic
in a populationof 1,000 pigs is 750 because re-
maining 250 pigs have maternal antibody, tnere-
壬ore i王the number of mosquitores per pig per
night is　320, almost all pigs must be arti-
ficially immunized for epizootic extinguishment･
*** From the reason seen in **, 782 is actually
a non-existent王igure ; this must be understood
to show that even if the all pigs are artificially
immunized, a small nmuber of pigs will be
infected owing to the introduction of susceptible
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Summary
Japanese encephalitis (JE) is not considered
essentially to be a disease of human beings
in the sense that the cycle of JE can not
be maintained without amplifying verteb-
rate animals. Pigs are probably the most im-
portant amplifying animal in Japan and some
other countries, and the human epidemic of
JE receives a direct influence of the pig epi-
zootic. Therefore, a mathematical model for
JE epizootic in pigs was developed.
First of all, several assumptions are set
up as follows:
(1) There is no emigration nor immigration
in the population of pigs and vector
mosquitoes.
(2) Age distribution of pigs is stable,
births and slaughtereds being balanced.
(3) Pigs when slaughtered are at a difi-
nite age.
(4) Probability of being bitten by a vector
mosquito is the same in any pigs.
(5) Vector mosquitoes feed only on pigs.
(6) Probability of vector mosquito survival
through one day is constant irrespective
of age.
(7) Vector mosquitoes which fed on a vire-
mic pig are all infected, and all infected
mosquioes which survived a certain
duration become transmissible.
(8) Immediately after infected mosquitoes
became transmissible they feed on pigs.
(9) All susceptible pigs which were fed on
by the transmissible mosquito become
viremic after a certain duration.
(10) All infected pigs become immune after
a viremic state.
To develop the model the following condi-
tions are given:
(1) Population size or pigs is 1,000.
(2) Pigs when slaughtered are at the age
of 8 months.
(3) Duration with maternal antibody in a
pig is 2 months from the birth.
(4) The number of pigs without maternal
antibody is 1,000×8-2/8=750.
(5) One cycle of infection is 0.5 month.




(7) Probability of mosquito survival
through the incubation period of 10
days for the infected mosquito to be-
come transmissible is 0.05.
Under these assumptions and conditions,
the mathematical model for JE epizootic of
pigs is given as follows. At time t in terms
of infection cycle, letting the number of
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vector mosquitoes biting one pig in one
night be M(t), the number of infected pigs
C(t), and the number of infected and immune
pigs just after infection　A1(t), then the
number of susceptible pigs just after infec-
tion, S1 (t), is 750-A1(t). At time t+1, the
number of transmissible mosquitoes, T(t+1),
is shown as
T(t+1)=M(t) × C(t) ×0.05.
The probability for one mosquito to




Therefore, the probability for one pig to
be infected by the bites of M(t+1) mos-
quitoes. I(t+1), is expressed by
I(t+1) = 1-Q(t+1)M(t+1)
where Q(t+1) is the probability for one
mosquito not to be transmissible, being equal
to 1-R(t+1). Thus, the number of infected
pigs, C(t+1), at time t+1 is given by
C(t+1)=S2(t+1)×(1-Q(t+1)M(t+1))
where S2(t+1) is the number of susceptible
pigs just before infection, obtained by
●
subtraction of the number of immune pigs
just before infection, A2(t+1) = A1(t) ×
(1-茂吉 ),from 750. If the number of
mosquitoes is constant in relation to
time, M, then the equation is simplified as
C(t+1)=S2(t+1)×(1-(1-0.00005×C(t)M).
By giving the initial number of infected
pigs at t=0, C(0), and the numbers of mos-
quitoes, M(t), t=0, 1, 2,…･････････, or M and
by applying successively the equation for JE
epizootic model, we have the sequence of in-
fected pigs, C(t), t=1, 2,…………, as JE epi-
zootic of pigs.
Simulation studies with the model indicat-
ed that the number of transmissible mosqui-
toes, T(t), which is considered to be pro-
portional to the number of human cases if
other conditions are the same, increases even
at a higher rate than the number of mos-
quitoes feeding on pigs, M(t), increases
(Table 1). In other words, it can be said
that the density of vector mosquitoes and
the scale of human epidemic are positively
related each other. On the other hand, the
increased number of mosquitoes, M(t), in-
fluences little the number of infected pigs,
C(t), therefore the number of immune pigs
(including infected pigs), A1(t), or A2(t),
and also the rate of transmissible mosquito-
es, R(t), unless the mosquito density is very
low (Figs. 1, 2; Tables 2.1-2.3). The
above indicates that it is rather difficult
to predict the scale of the human epidemic
by the appearance of pig epizootic.
If the number of infected pigs at t=1,
C(1), is smaller than the number at t=0,
C(0), then the epizootic will not occur.
Thus, we can get the threshold density of
vector mosquitoes for the occurrence of the
JE epizootic as the value of M by giving
the initial number of infected pigs, C (0),
and solving the equation C(1)=S2(1)×(1-
(1-0.00005× C(0))M) for M, where C(1)
=C(0), and S2(1) =750 -C(0) ×(1-鷺喜)
(Table 3). Similarly, the threshold density
of artificially immunized pigs, x, can be
obtained by giving the number of mosquito-
es, M, and initial number of infected pigs,
C(0), and solving the same equation for x,
where C(1)=C(0), and S2(1) =750-(C(0)+
x) × (1-罵言) (Table 4).
The epidemic of JE is governed by many
complicated factors, therefore it is thought
that the simulation studies with the model
can be a useful measures in understanding
the epidemiology and also in attempting
the control of the disease. If the results
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obtained with the model are much different
from the observations in nature, then
probably some of the assumptions set up
and/or the conditions given in developing
the model are not appropriate, and by modi-
fying them we shall become to understand
the natural events more rightly.
